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© Optical means for using diode laser arrays In laser multlbeam printers and recorders. 



® A laser multibeam printer or recorder includes a 
laser diode array generating multiple modulated par- 
allel and diverging light beams with predetermined 
light intensities at any instant of time. Optical means 
reduce the divergence of the parallel light beams 
from the laser diode array by a predetermined 
amount, do not focus the light beams in a first cross- 
section direction along a width of the laser diode 
array, and focus the light beams onto a plane of an 
entrance pupil of a printing lens in a second cross- 
sectional direction normal to the first cross-sectional 
direction. A separate lenslet of a lenslet array directs 
a corresponding light beam from the laser diode 



array towards a predetermined area on a plane in 
front of the printing lens (e.g., the entrance pupil) in 
the first cross-sectional direction, and focuses the 
light beam onto the plane of the entrance pupil in a 
second cross-sectional direction. The printing lens 
images the light beams at the entrance pupil onto a 
light sensitive media as a corresponding array of 
closely-spaced spots of data with predetermined in- 
tensities. Various other arrangements using a field 
lens in combination with the lenslet array with or 
without -a micro lenslet array can be used to process 
light beams and form an image of closely-spaced 
spots of light on the light sensitive media. 
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Field of the Invention 

The present invention relates to techniques for 
efficiently using laser diode arrays in laser printer 
and recorders, and, more particularly, to the use of 
lenslet arrays with laser diode arrays in laser mul- 
tibeam printers and recorders. 

Background of the Invention 

In laser thermal printers, the optical power of 
lasers is used to affect a transfer of a dye or ink 
from a donor medium to a receiver member that 
form a recording medium. To enhance the printing 
speed of laser thermal printers, high power is 
needed. One technique for achieving high power in 
a laser thermal printer is to use a number of 
independently modulated diode lasers. U.S. Patent 
No. 5,109,460 (S. Baek et ah), issued on April 28, 
1992, discloses an optical fiber print head system 
in which a number of independently modulated 
diode lasers are used, where each diode laser is 
coupled to an optical fiber. The other end of each 
of the optical fibers is placed in a grooved mount 
such that the fiber ends form a line of closely 
packaged spots forming a monolithic optical fiber 
head. This optical fiber head is then imaged onto a 
thermal dye media by a lens to form an array of 
closely spaced laser light spots. 

U.S. Patent No. 4,743,091 (D. Gelbart), issued 
on May 10, 1988, discloses an optical data storage 
apparatus in which numerous independently modu- 
lated diode lasers, each diode laser having a sepa- 
rate collimator lens, are arranged as a closely 
packed two dimensional array. A lens system is 
used to image the array onto an optical recording 
medium which is moving relative to the image of 
the laser diode array in order to scan the recording 
medium. 

Each of the arrangements disclosed in U.S. 
Patent Nos. 5,109,460 and 4,743,091 use individ- 
ually packaged diode lasers in a closely packed 
array of diode lasers. The cost of packaging many 
lasers in such an arrangement is high. Still further, 
variations in each of the laser channels due to 
differences between the lasers and/or the optical 
fibers results in variations between the light spot 
shapes or intensities at the recording medium. It is 
preferable to use a monolithic array of diode lasers, 
namely, an array of diode lasers formed on a same 
wafer in one package, and thus reduce packaging 
costs and laser-to-laser variations. 

U.S. Patent No. 4,804,975 (K. Yip), issued on 
February 14, 1989, discloses a thermal dye transfer 
apparatus which includes an array of diode lasers 
that illuminate a dye carrying donor, medium. The 
donor medium absorbs heat from the laser light, 
and the dye is transferred by sublimation from the 



r. <EP 0601485A2 I > 



donor medium to a receiver member to form pixels 
of an image. Light from each of the diode lasers of 
the array is modulated to have different pixel den- 
sities in order to print the image on the receiver 

5 member. The light emitted from the diode lasers of 
the laser array is first collected by a collimating 
lens and then focused by a focusing lens onto the 
donor medium. Each of the diode lasers corre- 
sponds to a pixel in a line of the print image on the 

10 receiver member. However, since the diode lasers 
of the array are not closely packed due to a design 
limitation of such arrays, a result is that the laser 
light spots at the recording medium are also not 
closely packed. It is important to closely pack the 

75 laser light spots at the recording medium to mini- 
mize the field of the printing lens, and to create 
artifact-free solid patches of a transferred dye. 

The prior art arrangements do not provide a 
cost effective solution since the prior art arrange- 

20 ments use a number of individually packaged di- 
ode lasers in a closely packed array of diode lasers 
while other prior art arrangements do not provide 
closely packed laser light spots at the recording 
medium. Therefore, it is desirable to provide cost 

25 effective methods and arrangements for using laser 
diode arrays in laser printers and recorders. 

Summary of the Invention 

so The present invention is directed to providing 
cost effective method and arrangements for using 
laser diode arrays in laser printers and recorders, 
and, more particularly, to the use of lenslet arrays 
with laser diode array for use in multibeam laser 

35 printers or recorders. 

Viewed from a first aspect, the present inven- 
tion is directed to a laser thermal printer compris- 
ing a plurality of diode lasers, a printing lens, 
optical means, and a binary lenslet array. The 

ao plurality of diode lasers are formed into a laser 
diode array, each diode laser generating a separate 
modulated diverging light beam of predetermined 
intensity at any instant of time and having a pre- 
determined aperture. The printing lens has an en- 

45 trance pupil for imaging the light beams from the 
laser diode array at a plane of the entrance pupil 
onto a printing media as a corresponding array of 
closely-spaced spots of predetermined intensities. 
The spots of the array have a spacing there- 

50 between which is less than a spacing between the 
light beams generated by the laser diode array. 
The optical means reduces the aperture or diver- 
gence of the light beams from the plurality of diode 
lasers by a predetermined amount. Still further, the 

55 optical means continues the direction of the light 
beams onto the plane of the entrance pupil of the 
printing lens. The binary lenslet array comprises a 
separate binary lenslet for directing each of the 
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light beams in a first cross-sectional direction along 
a width of the laser diode array towards a predeter- 
mined area on a plane in front of the printing lens. 
Still further, the binary lenslet array focuses each of 
the light beams in a second cross-sectional direc- 
tion normal to the first cross-sectional direction 
onto the plane of the entrance pupil. 

In a first embodiment of the laser thermal print- 
er of the present invention, the binary lenslet array 
is disposed for receiving the light beams from the 
optical means, and for directly focusing and over- 
lapping the light beams at a predetermined area of 
the entrance pupil of the printing lens. 

In a second embodiment of the laser thermal 
printer of the present invention, the binary lenslet 
array substantially collimates the light beams from 
the optical means in the first cross-sectional direc- 
tion, and directs the substantially collimated light 
beams parallel to each other towards the plane of 
the entrance pupil. A field lens receives the light 
beams from the binary lenslet array, and directly 
focuses and overlaps the light beams at the en- 
trance pupil of the printing lens. 

In a third embodiment of the laser thermal 
printer of the present invention, the plurality, of 
diode lasers of the laser diode array are formed 
into a plurality of subarrays of closely-spaced di- 
ode lasers. Each subarray forms a separate mul- 
timode light source generating a separate mul- 
timode light beam, and the diode lasers of a subar- 
ray are concurrently driven by a separate current 
source: Still further, the binary lenslet array focuses 
each of the light beams from the optical means in 
the first cross-sectional direction onto a separate 
area of an exit plane disposed in front of a plane of 
an entrance pupil of a printing lens. A field lens 
receives the focused light beams from the exit 
plane, and to overlaps the light beams at the en- 
trance pupil of the printing lens. 

In a fourth embodiment of the laser thermal 
printer of the present invention, the plurality of 
diode lasers of the laser diode array are formed 
into a plurality of subarrays of diode lasers to form 
separate multimode light sources. Each subarray 
generates a separate multimode light beam, and 
the diode lasers of each subarray are concurrently 
driven by a separate current source. The laser 
thermal printer also comprises a micro-binary len- 
slet array, and a field lens. The micro-binary lenslet 
array comprises a separate micro-binary lenslet 
associated with each diode laser of the subarrays 
of diode lasers. Each micro-binary lenslet converts 
the diverging light beam from the corresponding 
diode laser into a collimated light beam. Each of 
the collimated light beams from a subarray sub- 
stantially touches a light beam from an adjacent 
micro-binary lenslet associated with a same subar- 
ray of diode lasers for forming , a separate mul- 
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timode light beam. Each of the multimode light 
beams is directly received by a separate binary 
lenslet of the binary lenslet array. The binary len- 
slet array focuses each of the multimode light 

5 beams along the first cross-sectional direction onto 
a separate area of an exit plane disposed in front of 
the plane of the entrance pupil of the printing lens. 
The field lens is disposed to receive the focused 
multimode light beams from the binary lenslet ar- 

w ray, and to overlap the multimode light beams at 
the entrance pupil of the printing lens. 

Viewed from a second aspect, the present in- 
vention is directed to a method of generating an 
array of closely-spaced spots of predetermined in- 

75 tensities on a printing media in a laser thermal 
printer from a plurality of diverging light beams 
generated by an array of diode lasers. In a first 
step, the plurality of light beams having predeter- 
mined intensities generated by the array of diode 

20 lasers are transmitted through an optical means for 
reducing the aperture or divergence of the light 
beams from the plurality of diode lasers by a 
predetermined amount. Still further, the optical 
means functions to continue the direction of the 

25 light beams onto a plane of an entrance pupil of a 
printing lens. In a second step, each of the light 
beams from the first step are transmitted through a 
separate binary lenslet of a binary lenslet array for 
directing each of the light beams in a first cross- 

30 sectional direction along a width of the laser diode 
array towards a predetermined area on the plane of 
the entrance pupil. Still further, each of the light 
beams are focused onto the plane of the entrance 
pupil in a second cross-sectional direction normal 

35 to the first cross-sectional direction. In a third step, 
the light beams from the laser diode array at the 
entrance pupil are imaged onto a printing media in 
the corresponding array of closely-spaced spots 
having the predetermined intensities. 

40 The invention will be better understood from 
the following more detailed description taken with 
the accompanying drawings and claims. 

Brief Description of the Drawings 

45 

FIG. 1 is a view in perspective of an optical 
arrangement for use with a laser diode array in a 
laser thermal printer in accordance with a first 
embodiment of the present invention; 
so FIG. 2 is a cross-sectional view of a portion of 
the optical arrangement shown in FIG. 1 along a 
direction of a laser diode array in a laser thermal 
printer; 

FIG. 3 is a cross-sectional view of the optical 
55 arrangement shown in FIG. 1 along a cross- 
array direction of a laser diode array in a laser 
.thermal printer; 
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FIG. 4 is a view in perspective of an optical 
arrangement for use with a laser diode array in a 
laser thermal printer in accordance with a sec- 
ond embodiment of the present invention; 
FIG. 5 is a cross-sectional view of a portion of 
the optical arrangement shown in FIG. 4 along a 
direction of a laser diode array in a laser thermal 
printer; 

FIG. 6 is a cross-sectional view of the optical 
arrangement shown in FIG. 4 along a cross- 
array direction of a laser diode array in a laser 
thermal printer; 

FIG. 7 is a cross-sectional view of an optical 
arrangement along a direction of a laser diode 
array in a laser thermal printer in accordance 
with a third embodiment of the present inven- 
tion; 

FIG. 8 is a cross-sectional view of the optical 
arrangement shown in FIG. 7 along a cross- 
array direction of a laser diode array in a laser 
thermal printer; and 

FIG. 9 is a cross-sectional view of an optical 
arrangement along a direction of a laser diode 
array using subarrays of multiple diode lasers in 
a laser thermal printer in accordance with a 
fourth embodiment of the present invention; 
The drawings are not necessarily to scale. 

Detailed Description 

In the descriptions hereinafter of the various 
embodiments of the present invention, correspond- 
ing elements having the same function in the var- 
ious figures are given the same designation num- 
ber. It is to be understood hereinafter that although 
the present invention is described with reference to 
a laser thermal printer, the disclosed arrangements 
are applicable to optical storage systems. 

Referring now to FIGS. 1, 2, and 3, FIG. 1 
shows a view in perspective of an optical arrange- 
ment 10 in accordance with a first embodiment of 
the present invention for use with a laser diode 
array 12 (shown within a dashed-line rectangle) in a 
laser thermal printer, FIG. 2 shows a cross-sec- 
tional view of a portion (only the light beams from 
three lasers 13 of the laser diode array 12) of the 
optical arrangement 10 along a direction of the 
laser diode array 12 of FIG. 1, and FIG. 3 shows a 
cross-sectional view of the optical arrangement 10 
of FIG. 1 along a cross-array direction. The laser 
diode array 12 is a multi-mode laser diode array 
comprising a plurality of diode lasers 13 formed on 
a substrate 14. The optical arrangement comprises 
a first cylinder lens 16 having a first high numerical 
aperture (NA), a second cylinder lens 18 having a 
second low NA, a micro lenslet array 20, and a 
printing lens 22. 
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The laser diode array 12 comprises a number 
of independently modulated laser diode sources 
13. Each source 13 comprises an ensemble of 
diode lasers (not shown). The diode lasers in the 
5 ensemble are pumped as one group. Even though 
each one of the diode lasers within a source 13 is 
a single mode laser, the source 13 is essentially a 
multimode laser since no attempt is made at opti- 
cally coupling the diode lasers in the ensemble. 

io The diode lasers making up a source 13 can be 
packed close to each other to form a source size of 
typically 100 to 200 microns in an array direction, 
or be spaced at equal distances within the source 
13. In a cross-array direction, the light source size 

15 is typically in the submicron range. The larger the 
size of a light source in the array direction, the 
more power it can deliver. To achieve high power 
from the laser diode array 12, the number of light 
sources needs to be as high as possible. However, 

20 since the size of the laser diode array 1 2 is limited 
typically to approximately twelve millimeters, hav- 
ing a large number of independent light sources 
results in the light sources being too closely 
spaced which causes unwanted cross-talk. The 

25 cross-talk is in the form of electrical, thermal, and 
possible optical cross-talk which causes one chan- 
nel to affect the other. Therefore, to avoid cross- 
talk, the laser diode array 12 has, for example, a 
total size in the array direction of twelve millimeters 

30 and comprises between five to twenty indepen- 
dently modulated light sources with distances 
therebetween of approximately 2000 to 500 
microns, respectively. 

The laser diode array 12 presents a difficulty in 

35 coupling its power into an optical system. In this 
regard see, for example, the article by J. Leger et 
al. entitled "Geometrical Transformation of Linear 
Diode-Laser Arrays For Longitudinal Pumping Of 
Solid-State Lasers" in IEEE Journal of Quantum 

40 Electronics , Vol. 28, No. 4, April 1992, at pages 
1088-1100, where a problem of collecting light of 
an array of diode lasers into a fiber laser is ad- 
dressed. 

The laser diode array 12 can be used for 
45 printing in two ways. A first way is to image the 
laser array directly onto a print medium using 
imaging optics. The problem is that the optical 
throughput (or entendu) of such optics is large. 
More particularly, a two-dimensional product of the 
so laser diode array area 12 and its solid angle is 
defined as the optical throughput or entendu, while 
a one-dimensional equivalent is the commonly- 
known Lagrange invariant. The Lagrange invariant 
is defined as the light source's "half-size" multi- 
55 plied by the NA. In the cross-array direction, the 
Lagrange invariant is afa, where a is the 
wavelength of the laser diode 13, which is a small 
number. However, in the array direction, the La- 
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grange invariant is large. More particularly, for the 
exemplary twelve millimeter array size, the La- 
grange invariant is approximately six millimeters 
(one-half the array size) times the typical spread 
angle (NA) of 0.1. Generally, the optics associated 5 
therewith has to be highly anamorphic to deal with 
the large divergence of the lasers 13 in the cross- 
array direction which makes the optics usually rath- 
er complex. 

In the prior art, the way to use the laser diode w 
array 12 for printing is to directly image an array of 
independently modulated diode lasers as shown, 
for example, in U.S. Patent No. 4,520,472 (C. 
Reno), issued on May 28, 1985. Such an arrange- 
ment is of a low performance in terms of a smallest 75 
spot size it can generate at the print medium since 
the arrangement "wastes" its throughput on the 
"dead space" between the diode laser sources. 
The present arrangements overcome the problems 
of the prior art techniques by using micro-optics 20 
with a laser diode array 12 of independently modu- 
lated diode lasers 13 for printing on a laser thermal 
printer. The micro-optics in combination with other 
lenses in accordance with the present invention 
provide an efficient transformation of light from the 25 
widely separated diode lasers 13 to a closer pack 
of printing spots 26 at a light sensitive media 27. 
The light sensitive media 27 commonly comprises 
a dye or ink donor web (not shown) and a receiver 
member (not shown) on a drum (not shown) of a 30 
laser thermal printer, but can also comprise a sin- 
gle donor sheet. 

In the optical arrangement 10, the diverging 
modulated light beams with predetermined inten- 
sities from the laser diodes 13 of the laser diode 35 
array 12 are intercepted by the first cylinder lens 
16 having a first high numerical aperture (NA). 
Although the first lens is designated a cylinder 
lens, it is to be understood that the first lens 16 can 
have cylinder surfaces or a hyperbolic surface. 40 
Cylinder lens 16 reduces the numerical aperture 
from, for example, 0.5 to 0.1. The second cylinder 
lens 18 (having a second low NA) is positioned in 
the direction of a width of the laser diode array 12 
(e.g., along the line of diode lasers 13) to further 45 
modify the light beams from the laser diode array 
12 and focus the substantially parallel light beams 
leaving the second cylinder lens 16 on a plane of 
an entrance pupil 24 of the printing lens 22. The 
entrance pupil 24 is located in a front focal plane of 50 
the printing lens 22. The lenslet array 20 intercepts 
the light beams from the second cylinder lens 16, 
and focuses and overlaps each of the light beams 
from the lasers 13 at the entrance pupil 24 in the 
direction of the laser diode array |1 2. The printing 55 
lens 22 then images the laser: .diode array 12 
represented by the light beams, at the entrance 
pupil 24 onto the light sensitive nhSdia 27 to form a 



•• • . •■ 



line of closely spaced spots 26 of predetermined 

intensities. 

More particularly, as is shown in FIG. 2, the 
lasers 13 have a divergence in the array direction 
(along the width of the laser diode array 12) of 
approximately 10- Full Width Half Max (FWHM) 
where the width of a light beam is at one-half its 
peak value. If it is assumed that the lasers 13 are 
separated by 800 microns, then at a distance of 
approximately four millimeters from the laser diode 
array 12, the light beams from adjacent lasers 13 
will touch each other. Preferably, the lenslet array 
20 is positioned at this location. Each lenslet 21 of ~TT) 
the lenslet array 20 focuses the light beam of a 
corresponding laser 13 onto the entrance pupil 24 
of the printing lens 22 which overlaps the other 
light beams focused by the other lenslets 21. The 
printing lens 22 is telecentric wherein a stop is at ! 
the entrance pupil 24 (front focal plane) and the 
light beams are perpendicular to the light sensitive 
media 27. FIG. 3 shows how the lasers 13 are 
shaped in the cross-array direction by the first 
cylinder lens 16 and the second cylinder lens 18 to 
focus the light beams at the plane of the entrance 
pupil 24 of the printing lens 22. The optical ar- 
rangement 10 of FIGS. 1, 2, and 3 is an "aperture 
imaging" system since the light sensitive media 27 
is conjugated to a far field light distribution of the 
lasers 13 and not to the lasers 13 themselves. This 
optical arrangement achieves a low entendu and 
provides close packing of the laser spots 26 with 
predetermined intensities at the light sensitive me- 
dia 27. 

Referring now to FIGS. 4, 5, and 6, FIG. 4 
shows a view in perspective of an optical arrange- 
ment 30 in accordance with a second embodiment 
of the present invention for use with a laser diode 
array 12 (shown within a dashed-line rectangle) in a 
laser thermal printer, FIG. 5 shows a cross-sec- 
tional view of a portion of the optical arrangement 
30 of FIG. 4 in a direction along the laser diode 
array 12, and FIG. 6 shows cross-sectionaJ view of 
the optical arrangement 30 of FIG. 4 in a cross- 
array direction of the laser diode array 12. The 
optical arrangement 30 comprises a first cylinder 
lens 16 having a first high numerical aperture (NA), 
a second cylinder lens 18 having a second low NA, 
a lenslet array 20, a field lens 32, and a printing 
lens 22. It is to be understood that each of the 
laser diode array 12, the first cylinder lens 16, the 
second cylinder lens 18, the lenslet array 20, and 
the printing lens 22 each function as described for 
optical arrangement 10 of FIGS. 1, 2, and 3. 

In the optical arrangement 30, diverging modu- 
lated light beams with predetermined intensities 
from the lasers 13 of the laser diode array 12 are 
intercepted by the first cylinder lens 16 having a 
first high numerical aperture (NA).'As stated herein- 
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before, it is to be understood that the first lens 16 
can have cylinder surfaces or a hyperbolic surface. 
The second cylinder lens 18 (having a second low 
NA) is positioned in the direction of the line of 
diode lasers 13 to further modify the parallel light 
beams from the laser diode array 12 so that the 
parallel light beams are slightly diverging in the 
direction of the laser diode array 12 and are fo- 
cused at a plane of an entrance pupil 24 of the 
printing lens 22 in the cross-array direction. The 
entrance pupil 24 is located in a front focal plane of 
the printing lens 22. The lenslet array 20 is ar- 
ranged to intercept the light beams from the sec- 
ond cylinder lens 16, and to collimate each of the 
light beams from the lasers 13. 

More particularly, first and second cylinder len- 
ses 16 and 18 are positioned in relation to lenslet 
array 20 so that the light beams emerge from the 
lenslet array 20 as collimated light beams which 
are parallel to each other . The field lens 32 ac- 
cepts these collimated and parallel light beams 
from the lenslet array 20, and overlaps these light 
beams at the entrance pupil 24. The printing lens 
22 then images the laser diode array represented 
by the light beams at the entrance pupil 24 onto 
the light sensitive media 27 to form a line of 
closely spaced spots 26 of predetermined inten- 
sities. An advantage of optical arrangement 30 is 
that the laser diode head, comprising the laser 
diode array 12, cylinder lenses 16 and 18, and 
lenslet array 20, is less tightly configured and 
doesn't have to fit a certain printing lens 22. In- 
stead, when a different printing lens 22 is used, 
only the field lens 32 has to be changed. 

Referring now to FIGS. 7 and 8, FIG. 7 is a 
cross-sectional view of an optical arrangement 40 
in accordance with a third embodiment of the 
present invention in a direction along a laser diode 
array 42 (shown within a dashed-line rectangle) in a 
laser thermal printer, and FIG. 8 is a cross-sec- 
tional view of the optical arrangement 40 of FIG. 7 
in a cross-array direction of the laser diode array 
42. The optical arrangement 40 comprises a first 
cylinder lens 16 having a first high numerical ap- 
erture (NA), a second cylinder lens 18 having a 
second low NA, a lenslet array 20, a field lens 44, 
and a printing lens 22. It is to be understood that 
each of the first cylinder lens 16, the second cyl- 
inder lens 18, the lenslet array 20, and the printing 
lens 22 each function as described for optical ar- 
rangement 10 of FIGS. 1, 2, and 3. 

In the optical arrangement 40, the laser diode 
array 42 comprises a plurality of multimode sour- 
ces 43, where each multimode source 43 com- 
prises a plurality of closely-packed diode lasers 
(not shown) all driven by a same modulating cur- 
rent source (not shown). Diverging modulated par- 
allel, light beams with predetermined intensities 
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from the multimode sources 43 of the laser diode 
array 42 are intercepted by the first cylinder lens 
16 having a first high numerical aperture (NA). As 
stated hereinbefore, it is to be understood that the 
5 first lens 16 can have cylinder surfaces or a hyper- 
bolic surface. The second cylinder lens 18 (having 
a second low NA) is positioned in the direction of 
the line of multimode sources 43 to further change 
the divergence of the light beams from the laser 

10 diode array 42 and focus the light beams at an 
entrance pupil 24 of the printing lens 22 (as shown 
in FIG. 8) in a cross-array direction. The entrance 
pupil 24 is at a front focal plane of the printing lens 
22. The lenslet array 20 intercepts the light beams 

15 from the second cylinder lens 16 and functions to 
focus each of the light beams from the multimode 
sources 43 to produce separate spots (not shown) 
at an exit plane 45 in front of the field lens 44 in 
the direction of the laser diode array 12. 

20 More particularly, the first and second cylinder 

lenses 16 and 18 are positioned in relation to 
lenslet array 20 so that the light beams emerge 
parallel to each other from the lenslet array 20 and 
are focused at the exit plane 45 in the direction of 

25 the laser diode array 12. The field lens 44 then 
directs the slowly diverging light beams leaving the 
exit plane 45 towards a common central area of the 
entrance pupil 24 so that the light beams overlap 
each other at the entrance pupil 24. In other words, 

30 a central ray 47 of each light beam intersects other 
central rays 47 of the other light beams at a 
common point at the entrance pupil 24. The print- 
ing lens 22 then images plane 45 onto the light 
sensitive media 27 to form a line of closely spaced 

35 spots 26 of predetermined intensities. 

In optical arrangement 40, the multimode sour- 
ces 43 are first imaged in the array direction and 
magnified by the first and second cylinder lenses 
16 and 18 so that the different individual multimode 

ao source images (not shown) are almost touching 
before being focused by the lenslet array 20 onto 
the exit plane 45. The field lens 44 is then used to 
direct the light from all multimode sources 43 to 
the entrance pupil 24 of the printing lens 22. The 

45 printing lens 22 conjugates the laser source 43 
images onto the light sensitive media 27 as a line 
of spots 26 having predetermined intensities. It is 
to be understood that such imaging can also be 
achieved without the field lens 44 by building the 

so function of the field lens 44 into the lenslet array 20 
as was done in optical arrangement 10 of FIGS. 1, 
2, and 3. 

Referring now to FIG. 9, there is shown a 
cross-sectional view of a portion of . an optical ar- 
55 rangement 50 in accordance with a: fourth embodi- 
ment of the present invention in a direction of a 
laser, diode array 52 (shown within a dashed-line 
rectangle) in a laser multibeam printer. The optical 
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arrangement 50 is similar to the optical arrange- 
ment 40 of FIG. 7, and only the area of difference 
between the optical arrangements 40 and 50 is 
shown in FIG. 9. The optical arrangement 50 com- 
prises a first cylinder lens 16 having a first high 
numerical aperture (NA), a second cylinder lens 18 
having a second low NA, a micro lenslet array 54 
(shown within a dashed-line rectangle), a lenslet 
array 20 (shown within a dashed-line rectangle), a 
field lens 44, and a printing lens 22 (only shown in 
FIG. 7). It is to be understood that each of the first 
cylinder lens 16, the second cylinder lens 18, the 
lenslet array 20, the field lens 44, and the printing 
lens 22 each function as described for optical ar- 
rangement 10 of FIGS. 1, 2, and 3. 

In optical arrangement 50, the laser diode array 
52 comprises of a plurality of multimode sources 
(only a first and part of a second multimode source 
are shown within a separate bracket). Each mul- 
timode source comprises a subarray of equally 
spaced laser diodes 53 which are all concurrently 
driven as a group to generate separate diverging 
and parallel light beams including a predetermined 
light intensity. The parallel diverging light beams 
from the laser diodes 53 of each multimode source 
are each directed through the first cylinder lens 1 6 
and at corresponding separate micro len slots 55 of 
the micro lenslet array 54. The micro lenslets 55 
associated with a multimode source are arranged 
in a plane normal to the direction of the associated 
light beams from the associated multimode source 
and have their perimeters contacting each other. 
Each micro lenslet 55 collimates the light beam 
from the corresponding laser diode 53. The col- 
limated and touching light beams from the micro 
lenslets associated with a multimode source form a 
combined multimode light beam. The combined 
multimode light beam from each multimode source 
is directed at a separate lenslet 21 of the lenslet 
array 20. Each lenslet 21 images the light beam 
from an associated multimode source through the 
second cylinder lens 18 and onto an exit plane 45 
of the field lens 44. As is shown in FIG. 7, the field 
lens 44 is then used to direct the light from all 
multimode sources to an entrance pupil 24 of the 
printing lens 22 which conjugates the multimode 
source images onto the light sensitive media 27 as 
a line of spots 26 with predetermined intensities. 
The difference between optical arrangements 50 
and 40 is that the micro lenslet array 54 in optical 
arrangement 50 forms the beams emanating from 
the dispersed sources 53 to be equivalent to the 
light beams in the optical arrangement 40 emanat- 
ing from the compact sources 43. 

In the optical arrangement 50, the arrangement 
of multimode sources with equally spaced laser 
diodes 53 is advantageous for heat management. 
By displacing the diode lasers 53 from each other, 

i 
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spaces are created between the laser diodes 53 
which increases the Lagrange invariant. As stated 
hereinbefore, is it desirable that the Lagrange in- 
variant be a small as possible. In order to reduce 

5 this increased Lagrange invariant caused by the 
spaced- apart laser diodes 53, a set of micro len- 
slets 55 (one for each laser diode 53) is used. 

It is to be appreciated and understood that the 
specific embodiments of the invention described 

10 hereinbefore are merely illustrative of the general 
principles of the present invention. Various modi- 
fications may be made by those of ordinary skill in 
the art which are consistent with the principles set 
forth. For example, in the optical arrangement 50 of 

75 FIG. 9, the function of the micro lenslets 53 can be 
combined in the lenslet array 20 to form one com- 
ponent. Still further, a single mode diode laser 
array can be used with all of the optical arrange- 
ments 10, 20, 30, 40, and 50. Furthermore, in the 

20 optical arrangements 10, 20, 30, 40, and 50, the 
lenslet arrays 20 and the micro lenslet subarray s 
54 are preferably optic binary lenslet arrays which 
are diffractive devices. However, it is to be under- 
stood that the lenslet arrays 20 and the micro 

25 lenslet array 54 can be refractive lenslet arrays and 
subarrays. An advantage of using the binary lenslet 
arrays 20 and subarrays 54 is that they are pro- 
duced using the same microlithographic methods 
used for making lasers. Therefore, masks can be 

30 produced to manufacture the binary elements in 
exactly the right dimensions to fit the lasers, etc. 
Additionally, it is to be understood that the term 
"light" used hereinbefore is broadly used to refer 
to visible and infrared electromagnetic radiation. 

35 It should be noted that the objects and advan- 

tages of the invention may be attained by means of 
any compatible combination(s) particularly pointed 
out in the items of the following summary of the 
invention and the appended claims. 

40 

The invention may be summarized as follows: 

1. A laser multibeam printer comprising: 

a plurality of diode lasers formed into a 
45 laser diode array, each diode laser generating a 
separate modulated diverging light beam having 
a predetermined intensity at any instant of time 
and a predetermined aperture: 

a printing lens having an entrance pupil for 
so imaging the light beams from the laser diode 
array at a plane of the entrance pupil onto a 
light sensitive media as a corresponding com- 

pact array of spots of predetermined intensities; 

optical means for reducing the aperture or 
55 divergence of the light beams from the plurality 
of diode lasers by a predetermined amount, and 
for continuing the direction of the light beams 
onto the plane of the entrance pupil of the 

7 1 ■ 
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printing lens; and 

a lenslet array comprising a separate lenstet 
for each light beam for directing each of the 
light beams in a first cross-sectional direction 
along a width of the laser diode array towards a 5 
predetermined area on a plane In front of the 
printing lens, and for focusing each of the light 
beams in a second cross-sectional direction nor- 
mal to the first cross-sectional direction onto the 
plane of the entrance pupil. 10 

2. The laser multibeam printer wherein the op- 
tical means comprises: 

a first cylinder lens having a first numerical 
aperture for collecting the diverging light beams 
from the laser diode array, and for reducing the is 
aperture or divergence of the beams from the 
plurality of diode lasers by a predetermined 
amount; and 

a second cylinder lens having a second 
numerical aperture which is less than the first 20 
numerical aperture for collecting the light beams 
from the first cylinder lens, for further shaping of 
the light beams, and for continuing the direction 
of the light beams onto a plane of the entrance 
pupil of the printing lens. 25 

3. The laser multibeam printer wherein the first 
cylinder lens comprises outer surfaces formed 
from any one of a group consisting of cylinder 
surfaces and a hyperbolic surface. 

4. The laser multibeam printer wherein the len- 30 
slet array is disposed for receiving the light 
beams from the optical means, and for directly 
focusing and overlapping the light beams at the 
entrance pupil of the printing lens. 

5. The laser multibeam printer wherein: 35 

the lenslet array substantially collimates the 
light beams from the optical means in the first 
cross-sectional direction, and directs the sub- 
stantially collimated light beams parallel to each 
other towards the plane of the entrance pupil; ao 
and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the light 
beams from the lenslet array and to directly 
focus and overlap the light beams at the en- 45 
trance pupil of the printing lens. 

6. The laser multibeam printer wherein: 

the lenslet array focuses each of the light 
beams from the optical means in the first cross- 
sectional direction onto a separate area of an 50 
exit plane disposed in front of the plane of the 
entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the fo- 
cused light beams from the exit plane, and to 55 
directly overlap the light beams at the entrance 
pupil of the printing lens. 



7. The laser multibeam printer wherein the plu- 
rality of diode lasers of the laser diode array are 
formed into a plurality of subarrays of closely- 
spaced diode lasers to form separate multimode 
light sources generating separate multimode 
light beams which are received by the optical 
means, each of the diode lasers of a subarray 
being concurrently driven by a separate current 
source. 

8. The laser multibeam printer wherein the len- 
slet array is a binary lenslet array. 

9. The laser multibeam printer wherein: 

the plurality of diode lasers of the laser 
diode array are formed into a plurality of subar- 
rays of diode lasers to form separate multimode 
light sources which each generate a separate 
multimode light beam, each of the diode lasers 
of a subarray being concurrently driven by a 
separate current source; and 

the lenslet array focuses each of the mul- 
timode light beams along the first cross-sec- 
tional direction onto a separate area of an exit 
plane disposed in front of the plane of the 
entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises: 

a micro lenslet array comprising a separate 
micro lenslet associated with each diode laser of 
the subarrays of diode lasers, each micro lenslet 
converting the diverging light beam from the 
corresponding laser diode into a collimated light 
beam which substantially touches a light beam 
from an adjacent micro lenslet associated with 
said subarray of laser diodes for forming a sepa- 
rate multimode light beam which is directly re- 
ceived by a separate lenslet of the lenslet array; 
and 

a field lens disposed to receive the focused 
multimode light beams from the lenslet array 
and to directly overlap the multimode light 
beams at the entrance pupil of the printing lens. 

10. The laser multibeam printer wherein the 
lenslet array and the micro lenslet array are a 
binary lenslet array and a micro binary lenslet 
array, respectively. 

1 1 . A laser multibeam printer comprising: 

a plurality of diode lasers formed into a 
laser diode array, each diode laser generating a 
separate modulated diverging light beam of a 
predetermined intensity at any instant of time 
and having a predetermined aperture; 

a printing lens having an entrance pupil for 
imaging the light beams from the laser diode 
array received at the entrance pupil onto a light 
sensitive media as a corresponding compact 
array of spots of predetermined intensities; 

a first cylinder lens having a first numerical 
aperture for collecting the diverging light beams 
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from the laser diode array, and for reducing the 
aperture or divergence of the beams from the 
plurality of diode lasers by a predetermined 
amount; 

a second cylinder lens having a second 
numerical aperture which is less than the first 
numerical aperture for collecting the light beams 
from the first cylinder lens, for further shaping of 
the light beams, and for continuing the direction 
of the light beams onto a plane of the entrance 
pupil of the printing lens; and 

a lenslet array comprising a separate lenslet 
for each light beam for directing each of the 
light beams in a first cross-sectional direction 
along a width of the laser diode array towards a 
predetermined area on a plane in front of the 
printing lens, and for focusing each of the light 
beams in a second cross-sectional direction nor- 
mal to the first cross-sectional direction onto the 
entrance pupil. 

12. The laser multibeam printer wherein the first 
cylinder lens comprises outer surfaces formed 
from any one of a group consisting of cylinder 
surfaces and a hyperbolic surface. 

13. The laser multibeam printer wherein the 
lenslet array is disposed between the second 
cylinder lens and the printing lens for receiving 
the light beams from the second cylinder lens, 
and for directly focusing and overlapping the 
light beams at the entrance pupil of the printing 
lens. 

14. The laser multibeam printer wherein: 

the lenslet array substantially collimates the 
light beams from the second cylinder lens in the 
first cross-sectional direction, and directs the 
substantially collimated light beams parallel to 
each other towards the plane of the entrance 
pupil; and 

the . laser multibeam printer further com- 
prises a field lens disposed to receive the sub- 
stantially collimated light beams from the lenslet 
array and to directly focus and overlap the light 
beams at the entrance pupil of the printing lens. 

15. The laser multibeam printer wherein: 

the lenslet array focuses each of the light 
beams from the second cylinder lens in the first 
cross-sectional direction onto a separate area of 
an exit plane disposed in front of the plane of 
the entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the fo- 
cused light beams from the exit plane, and to 
directly overlap the- light beams at the entrance 
pupil of the printing lens. 

16. The laser multibeam printer wherein the 
plurality of diode lasers of the laser diode array 
are formed into a plurality of subarray s\of close- 
ly-spaced diode lasers to form separate mul- 
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timode light sources generating separate mul- 
timode light beams which are received by the 
optical means, each of the diode lasers of a 
subarray being concurrently driven by a sepa- 
5 rate current source. 

17. The laser multibeam printer wherein the 
lenslet array is a binary lenslet array. 

18. The laser muftibeam printer wherein: 

the plurality of diode lasers of the laser 
10 diode array are formed into a plurality of subar- 
rays of diode lasers to form separate multimode 
light sources which each generate a separate 
multimode light beam, each of the diode lasers 
of a subarray being concurrently driven by a 
75 separate current source; and 

the lenslet array focuses each of the mul- 
timode light beams along the first cross-sec- 
tional direction onto a separate area of an exit 
plane disposed in front of the plane of the 
20 entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises: 

a micro lenslet array comprising a separate 
micro lenslet associated with each diode laser of 

25 the subanrays of diode lasers, each micro lenslet 
converting the diverging light beam from the 
corresponding laser diode into a collimated light 
beam which substantially touches a light beam 
from an adjacent micro lenslet associated with 

30 said subarray of laser diodes for forming a sepa- 
rate mufti mode light beam which is directly re- 
ceived by a separate lenslet of the lenslet array; 
and 

a field lens disposed to receive the focused 
35 multimode light beams from the lenslet array 
and to directly overlap the multimode light 
beams at the entrance pupil of the printing lens. 

19. The laser multibeam printer wherein the 
lenslet array and the micro lenslet array are a 

40 binary lenslet array and a micro binary lenslet 
array, respectively. 

20. A method of generating an array of closely- 
spaced spots of predetermined intensities on a 
light sensitive media in a laser multibeam printer 

45 from a plurality of diverging light beams of pre- 
determined intensities generated by an array of 
laser diodes, the method comprising the steps 
of: 

(a) transmitting the plurality of light beams 
so generated by the array of laser diodes 

through an optical means for reducing the 
aperture or divergence of the light beams 
from the plurality of -diode lasers by a pre- 
determined amount, and for continuing the 
55 direction of the light beams onto a plane of 

an entrance pupil of a printing lens; - \ • 

(b) transmitting the light beams from' step (a) 
through a separate lenslet of a lenslet array 
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for directing each of the light beams in a first 
cross-sectional direction along a width of the 
laser diode array towards a predetermined 
area on the plane of the entrance pupil, and 
for focusing each of the light beams onto the 
plane of the entrance pupil in a second 
cross-sectional direction normal to the first 
cross-sectional direction; and 
(c) imaging the light beams from the laser 
diode array at the entrance pupil onto a light 
sensitive media in the corresponding array of 
closely-spaced spots. 

21. The method wherein in performing step (b), 
performing the substeps of: 

(bl) receiving the light beams from the op- 
tical means at the lenslet array; and 
(b2) arranging the lenslet array for directly 
focusing and overlapping the light beams at 
the entrance pupil of the printing lens. 

22. The method wherein in performing step (b), 
performing the substeps of: 

(b1) receiving the light beams from the op- 
tical means at the lenslet array for substan- 
tially collimating the light beams in the first 
cross-sectional direction, and directing the 
substantially coilimated light beams in a di- 
rection parallel to each other towards the 
plane of the entrance pupil; and 
(b2) receiving the substantially coilimated 
light beams generated in step (b1) by the 
lenslet array at a field lens for directly focus- 
ing and overlapping the light beams at the 
entrance pupil of the printing lens. 

23. The method wherein in performing step (b), 
performing the substeps of: 

(b1) focusing each of the light beams re- 
ceived by the lenslet array from the optical 
means in the first cross-sectional direction 
onto a separate area of an exit plane dis- 
posed in front of the plane of the entrance 
pupil of the printing lens; and 
(b2) receiving the light beams from the exit 
plane at a field lens for directly overlapping 
the light beams at the entrance pupil of the 
printing lens. 

24. The method wherein in performing step (a), 
performing the substeps of: 

(a1) forming the plurality of diode lasers of 
the laser diode array into a plurality of subar- 
rays of closely-spaced diode lasers for for- 
ming separate multimode light sources gen- 
erating separate multimode light beams, each 
of the diode lasers of a subarray being con- 
currently driven by a separate current source; 
<a2) transmitting the plurality of multimode 
light beams generated by the subarrays of 
laser diodes through a first cylinder lens hav- 
ing the first numerical aperture for collecting 
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the diverging light beams from the laser di- 
ode array, and for reducing the aperture or 
divergence of the light beams from the plural- 
ity of diode lasers by a predetermined 
s amount; and 

(a3) collecting the light beams from the first 
cylinder lens by a second cylinder lens hav- 
ing a second numerical aperture which is less 
than the first numerical aperture for further 
io shaping the light beams, and for continuing 

the direction of the light beams onto a plane 
of the entrance pupil of the printing lens. 
25. The method wherein the plurality of diode 
lasers of the laser diode array are formed into a 
is plurality of subarrays of diode lasers to form 
separate multimode light sources which each 
generate a separate multimode light beam, each 
of the diode lasers of a subarray being concur- 
rently driven by a separate current source to 
20 produce a predetermined light intensity, and in 
performing step (b) performing the substeps of: 
(b1) converting the diverging light beam from 
each laser diode in step (a) into a coilimated 
light beam using a corresponding separate 
25 micro lenslet of a micro lenslet array so that 

each of the coilimated light beams associated 
with a subarray of laser diodes substantially 
touches adjacent light beams for forming a 
separate multimode light beam; 
30 (b2) focusing each of the multimode light 

beams with a separate lenslet of the lenslet 
array along the first cross-sectional direction 
onto a separate area of an exit plane dis- 
posed in front of the plane of the entrance 
35 pupil of the printing lens; and 

(b3) receiving the focused multimode light 
beams from step (b2) by a field lens for 
directly overlapping the multimode light 
beams at the entrance pupil of the printing 
40 lens. 

Claims 

1. A laser multibeam printer comprising: 
45 a plurality of diode lasers formed into a 

laser diode array, each diode laser generating 
a separate modulated diverging light beam 
having a predetermined intensity at any instant 
of time and a predetermined aperture; 
50 a printing lens having an entrance pupil for 

imaging the light beams from the laser diode 
array at a plane of the entrance pupil onto a 
light sensitive media as a corresponding com- 
pact array of spots of predetermined inten- 
55 sities; 

optical means for reducing the aperture or 
divergence of the light beams from the plural- 
ity of diode lasers by a predetermined amount, 
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and for continuing the direction of the light 
beams onto the plane of the entrance pupil of 
the printing lens; and 

a lenslet array comprising a separate len- 
slet for each light beam for directing each of 
the light beams in a first cross-sectional direc- 
tion along a width of the laser diode array 
towards a predetermined area on a plane in 
front of the printing lens, and for focusing each 
of the light beams in a second cross-sectional 
direction normal to the first cross-sectional di- 
rection onto the plane of the entrance pupil. 

2. The laser multibeam printer of claim 1 wherein 
the optical means comprises: 

a first cylinder lens having a first numerical 
aperture for collecting the diverging light 
beams from the laser diode array, and for 
reducing the aperture or divergence of the 
beams from the plurality of diode lasers by a 
predetermined amount; and 

a second cylinder lens having a second 
numerical aperture which is less than the first 
numerical aperture for collecting the light 
beams from the first cylinder lens, for further 
shaping of the light beams, and for continuing 
the direction of the light beams onto a plane of 
the entrance pupil of the printing lens. 

3. The laser multibeam printer of claim 2 wherein 
the first cylinder lens comprises outer surfaces 
formed from any one of a group consisting of 
cylinder surfaces and a hyperbolic surface. 

4. The laser multibeam printer of claim 1 wherein 
the lenslet array is disposed for receiving the 
light beams from the optical means, and for 
directly focusing and overlapping the light 
beams at the entrance pupil of the printing 
lens. 

5. The laser multibeam printer of claim 1 wherein: 

the lenslet array substantially collimates 
the light beams from the optical means In the 
first cross-sectional direction, and directs the 
substantially collimated light beams parallel to 
each other towards the plane of the entrance 
pupil; and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the light 
beams from the lenslet array and to directly 
focus and overlap the light beams at the en- 
trance pupil of the printing lens. 

6. The laser multibeam printer of claim 1 wherein: 

the lenslet array focuses each of the light 
beams from the optical means in the first 
cross-segtional direction onto a separate area 



of an exit plane disposed in front of the plane 
of the entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the 
5 focused light beams from the exit plane, and to 

directly overlap the light beams at the entrance 
pupil of the printing lens. 

7. The laser multibeam printer of claim 6 wherein 
70 the plurality of diode lasers of the laser diode 

array are formed into a plurality of subarrays of 
closely-spaced diode lasers to form separate 
multimode light sources generating separate 
multimode light beams which are received by 
75 the optical means, each of the diode lasers of 
a subarray being concurrently driven by a sep- 
arate current source. 

8. The laser multibeam printer of claim 1 wherein 
20 the lenslet array is a binary lenslet array, 

wherein preferably: 

the plurality of diode lasers of the laser 
diode array are formed into a plurality of sub- 
arrays of diode lasers to form separate mul- 

25 timode light sources which each generate a 

separate multimode light beam, each of the 
diode lasers of a subarray being concurrently 
driven by a separate current source; and 

the lenslet array focuses each of the mul- 

30 timode light beams along the first cross-sec- 
tional direction onto a separate area of an exit 
plane disposed in front of the plane of the 
entrance pupil of the printing lens; and 

the laser multibeam printer further com- 

35 prises: 

a micro lenslet array comprising a sepa- 
rate micro lenslet associated with each diode 
laser of the subarrays of diode lasers, each 
micro lenslet converting the diverging light 

40 beam from the corresponding laser diode into 

a collimated light beam which substantially 
touches a light beam from an adjacent micro 
lenslet associated with said subarray of laser 
diodes for forming a separate multimode light 

45 beam which is directly received by a separate 

lenslet of the lenslet array; and 

a field lens disposed to receive the fo- 
cused multimode light beams from the lenslet 
array and to directly overlap the multimode 

50 light beams at the entrance pupil of the print- 

ing lens, and 

wherein further, preferably, the lenslet ar- 
ray and the micro lenslet array are a binary 
lenslet array and a micro binary lenslet array, 

55 respectively. 

- 

9. A laser multibeam printer comprising: 

• * • • * 

a plurality of diode lasers formed -'into a 
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laser diode array, each diode laser generating 
a separate modulated diverging light beam of a 
predetermined intensity at any instant of time 
and having a predetermined aperture; 

a printing lens having an entrance pupil for 5 
imaging the light beams from the laser diode 
array received at the entrance pupil onto a 
light sensitive media as a corresponding com- 
pact array of spots of predetermined inten- 
sities; 10 

a first cylinder lens having a first numerical 
aperture for collecting the diverging light 
beams from the laser diode array, and for 
reducing the aperture or divergence of the 
beams from the plurality of diode lasers by a 75 
predetermined amount; 

a second cylinder lens having a second 
numerical aperture which is less than the first 
numerical aperture for collecting the light . 
beams from the first cylinder lens, for further 20 
shaping of the light beams, and for continuing 
the direction of the light beams onto a plane of 
the entrance pupil of the printing lens; and 

a ienslet array comprising a separate len- 
slet for each light beam for directing each of 25 
the light beams in a first cross-sectional direc- 
tion along a width of the laser diode array 
towards a predetermined area on a plane in 
front of the printing lens, and for focusing each 
of the light beams in a second cross-sectional 30 
direction normal to the first cross-sectional di- 
rection onto the entrance pupil. 

10, The laser multibeam printer of claim 9 wherein 
the first cylinder lens comprises outer surfaces 35 
formed from any one of a group consisting of 
cylinder surfaces and a hyperbolic surface, 

wherein preferably the Ienslet array is dis- 
posed between the second cylinder lens and 
the printing lens for receiving the light beams 40 
from the second cylinder lens, and for directly 
focusing and overlapping the light beams at 
the entrance pupil of the printing lens, 

wherein preferably: 

the Ienslet array substantially collimates 45 
the light beams from the second cylinder lens 
in the first cross-sectional direction, and directs 
the substantially collimated light beams parallel 
to each other towards the plane of the en- 
trance pupil; and 50 

the laser multibeam printer further com- 
prises a field lens disposed to receive the 
substantially collimated light beams from the 
Ienslet array and to directly focus and overlap 
the light beams at the entrance pupil of the 55 
printing lens, 

wherein preferably: 

the Ienslet array focuses each of the. light 
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beams from the second cylinder lens in the 
first cross-sectional direction onto a separate 
area of an exit plane disposed in front of the 
plane of the entrance pupil of the printing lens; 
and 

the laser multibeam printer further com- 
prises a field lens disposed to receive the 
focused light beams from the exit plane, and to 
directly overlap the light beams at the entrance 
pupil of the printing lens, 

wherein preferably 
the plurality of diode lasers of the laser diode 
array are formed into a plurality of subarrays of 
closely-spaced diode lasers to form separate 
multimode light sources generating separate 
multimode light beams which are received by 
the optical means, each of the diode lasers of 
a subarray being concurrently driven by a sep- 
arate current source, and 

wherein preferably the ienslet array is a 
binary Ienslet array. 

11. The laser multibeam printer of claim 9 wherein: 
the plurality of diode lasers of the laser 
diode array are formed into a plurality of sub- 
arrays of diode lasers to form separate mul- 
timode light sources which each generate a 
separate multimode light beam, each of the 
diode lasers of a subarray being concurrently 
driven by a separate current source; and 

the Ienslet array focuses each of the mul- 
timode light beams along the first cross-sec- 
tional direction onto a separate area of an exit 
plane disposed in front of the plane of the 
entrance pupil of the printing lens; and 

the laser multibeam printer further com- 
prises: 

a micro Ienslet array comprising a sepa- 
rate micro Ienslet associated with each diode 
laser of the subarrays of diode lasers, each 
micro Ienslet converting the diverging light 
beam from the corresponding laser diode into 
a collimated light beam which substantially 
touches a light beam from an adjacent micro 
Ienslet associated with said subarray of laser 
diodes for forming a separate multimode light 
beam which is directly received by a separate 
Ienslet of the Ienslet array; and 

a field lens disposed to receive the fo- 
cused multimode light beams from the Ienslet 
array and to directly overlap the multimode 
light beams at the entrance pupil of the print- 
ing lens, 

wherein preferably the Ienslet array and 
the micro Ienslet array are a binary Ienslet 
array and a micro binary Ienslet array, respec- 
tively. 
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12. A method of generating an array of closely- 
spaced spots of predetermined intensities on a 
light sensitive media in a laser multibeam 
printer from a plurality of diverging light beams 
of predetermined intensities generated by an 
array of laser diodes, the method comprising 
the steps of: 

(a) transmitting the plurality of light beams 
generated by the array of laser diodes 
through an optical means for reducing the 
aperture or divergence of the light beams 
from the plurality of diode lasers by a pre- 
determined amount, and for continuing the 
direction of the light beams onto a plane of 
an entrance pupil of a printing lens; 

(b) transmitting the light beams from step 
(a) through a separate lenslet of a lenslet 
array for directing each of the light beams 
in a first cross-sectional direction along a 
width of the laser diode array towards a 
predetermined area on the plane of the en- 
trance pupil, and for focusing each of the 
light beams onto the plane of tha entrance 
pupil in a second cross-sectional direction 

k normal to the first cross-sectional direction; 
and 

(c) imaging the light beams from the laser 
diode array at the entrance pupil onto a 
light sensitive media in the corresponding 
array of closely-spaced spots. 

13. The method of claim 12 wherein in performing 
step (b), performing the substeps of: 

(b1) receiving the light beams from the op- 
tical means at the lenslet array; and 
(b2) arranging the lenslet array for directly 
focusing and overlapping the light beams at 
the entrance pupil of the printing lens, 
wherein preferably in performing step (b), 

performing the substeps of: 

(bl) receiving the light beams from the op- 
tical means at the lenslet array for substan- 
tially collimating the light beams in the first 
cross-sectional direction, and directing the 
substantially collimated light beams in a di- 
rection parallel to each other towards the 
plane of the entrance pupil; and 
(b2) receiving the substantially collimated 
light beams generated in step (b1) by the 
lenslet array at a field lens for directly fo- 
cusing and overlapping the light beams at 
the entrance pupil of the printing lens, 
wherein preferably in performing step (b), 

performing the substeps of: 

(b1) focusing each of the light beams - re- 
ceived by the lenslet array from the optical 
means in the first cross-sectional direction 
onto a separate area of an exit plane.' dis- 
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posed in front of the plane of the entrance 
pupil of the printing lens; and 
(b2) receiving the light beams from the exit 
plane at a field lens for directly overlapping 
the light beams at the entrance pupil of the 
printing lens, 

wherein preferably in performing step (a), 
performing the substeps of: 

(a1) forming the plurality of diode lasers of 
the laser diode array into a plurality of sub- 
arrays of closely-spaced diode lasers for 
forming separate multimode light sources 
generating separate multimode light beams, 
each of the diode lasers of a subarray being 
concurrently driven by a separate current 
source; 

(a2) transmitting the plurality of multimode 
light beams generated by the subarrays of 
laser diodes through a first cylinder lens 
having the first numerical aperture for col- 
lecting the diverging light beams from the 
laser diode array, and for reducing the ap- 
erture or divergence of the light beams from 
the plurality of diode lasers by a predeter- 
mined amount; and 

(a3) collecting the light beams from the first 
cylinder lens by a second cylinder lens 
having a second numerical aperture which 
is less than the first numerical aperture for 
further shaping the light beams, and for 
continuing the direction of the light beams 
onto a plane of the entrance pupil of the 
printing lens, and 

wherein preferably the plurality of diode 
lasers of the laser diode array are formed into 
a plurality of subarrays of diode lasers to form 
separate multimode light sources which each 
generate a separate multimode light beam, 
each of the diode lasers of a subarray being 
concurrently driven by a separate current 
source to produce a predetermined light inten- 
sity, and in performing step (b) performing the 
substeps of: 

(b1) converting the diverging light beam 
from each laser diode in step (a) into a 
collimated light beam using a corresponding 
separate micro lenslet of a micro lenslet 
array so that each of the collimated light 
beams associated with a subarray of laser 
diodes substantially touches adjacent light 
beams for forming a separate multimode 
light beam; 

(b2) focusing each of the multimode light 
beams with a separate lenslet of the lenslet 
array along the first cross-sectional direction 
onto a separate area of an exit plane dis- 
posed in front of the plane of the entrance 
pupil of the printing lens; and 
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(b3) receiving the focused multimode light 
beams from step (b2) by a field lens for 
directly overlapping the multimode light 
beams at the entrance pupil of the printing 
lens. s 

14. A laser multibeam printer comprising: 

a plurality of lasers formed into a laser 
array, each laser generating a separate modu- 
lated diverging light beam having a predeter- 10 
mined intensity at any instant of time and a 
predetermined aperture; 

a printing lens for imaging the light beams 
onto a light sensitive media; and 

optical means for reducing the divergence 75 
of the light beams. 
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© Optical means for using diode laser arrays In laser muWbeam prtntefs and 



© A laser multibeam printer or recorder Includes a 
laser diode array (12) generating multiple modulated 
parallel and diverging light beams with predeter- 
mined fight intensities at any instant of time. Optical 
means (16;18) reduce the divergence of the parallel 
light beams from the laser diode array (12) by a 
predetermined amount, do not focus the light beams 
in a first cross^sectton direction along a width of the 
laser diode array (12), and focus the light beams 
onto a plane of an entrance pupil (24) of a printing 
tens (22) in a second cros^-sectional direction nor- 
mal to the first cross^sectional direction. A separate 
tenstet (21) of a lenslet array (20) directs a cor- 
responding light beam from the laser diode array 
(12) towards a predetermined area on a plane in 
front of the printing lens (22) (e-g-*e entrance pu- 
pil,(24)) in the first cross^secfional direction, and 
focuses the light beam onto the plane of the en- 
trance pupil (24) In a second cross-sectional direc- 
tion. The printing lens (22) images the fight beams at 
the entrance pupil (24) onto a light sensitive media 
(27) as a corresponding array of closely-spaced 
spots of data with predetermined intensities- Various 
other arrangements using a field lens in combination 
with the lenslet array with or without a micro lenslet 



array can be used to process light beams and form 
an Image of closely-spaced spots of light on the light 
sensitive media 
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